Natural microbial communities are complex and mysterious entities. The advent of culture-independent methods for describing the diversity of bacterial communities has revealed a vast assortment of uncultured bacterial species whose environmental roles are unknown (41) . Simultaneously, it is becoming recognized that the composition of microbial communities can have important effects on ecological processes (27, 34, 47) . Studies that link microbial community composition to the functioning of ecosystems are needed.
The alpine ecosystem of the Colorado Rocky Mountains affords an opportunity for such a study. Our previous work has linked changes in microbial population dynamics to the availability of nitrogen (N) for alpine plants (30) . Microbial biomass grows to its highest levels during the winter and early spring, when soils are frozen. Shortly after snow melts in the spring, biomass begins to rapidly turn over, and biomass levels are dynamic throughout the summer. This seasonal turnover of biomass leads to large fluxes of organic N that alpine plants can utilize for growth (33) . The biomass dynamics after snowmelt are brought on, in part, by changes in substrate availability and temperature (31) and are accompanied by changes in microbial community composition (34) . The winter community has a greater fungal component, differs in its response to temperature, and preferentially degrades cellulose and phenolic compounds, when compared to the summer community. Community DNA hybridization studies showed that the communities differ genetically but did not provide specific information on alpine soil microbial diversity. It has been recently shown that the alpine soil fungal community changes between winter and summer and contains previously undescribed subphylum and class-level diversity (46) . Based on these observed seasonal changes in microbial community structure and function, we hypothesize that the bacterial community changes between winter and summer. Furthermore, because microbial diversity is understudied in alpine soils and the fungal diversity has already been shown to be novel, it is likely that the bacterial community contains novel lineages as well. The purpose of the present study was to use culture-based and culture-independent approaches to describe changes in the bacterial community over the ecologically crucial period of time between winter and summer. This information may help explain the physiological characteristics of the microbial community as a whole. Because seasonal changes in ecosystems are generally predictable, recurring phenomena, they are good opportunities to study how microbial communities respond to their environment (3, 6, 50, 57) . Seasonal changes in microbial biomass can have important ramifications for nutrient cycling and ecosystem functioning (30, 32, 49, 54, 55) . This type of study affords a chance to see how changes in community composition scale up to affect ecosystem processes.
METHODS AND MATERIALS
Study site and sample collection. The study area is located at the Niwot Ridge Long Term Ecological Research area in the Front Range of the Colorado Rocky Mountains (40 o 03ЈN, 105 o 35ЈW). The alpine dry meadow site used in this study is dominated by the tussock-forming sedge, Kobresia myosuroides (Vill) Paol. and Fiori. The soil is classified as a skeletal-loamy pergelic Cryumbrept (7) . The site used in this study (site B in reference 43) has an elevation of 3,550 m and an eastern exposure. The soil is particularly shallow, with a 10-cm A horizon overlaying a rocky B horizon with very few K. myosuroides roots. The A horizon contains 81 g of C kg Ϫ1 and 7.4 g of N kg Ϫ1 (43) . All experiments herein were performed on A horizon soil. The dry meadow is generally snow free from May/June to October/November. The main soils used in this study were collected in 1999 on March 19 (winter samples), June 4 (spring samples), and June 21 (summer samples). The winter samples were collected from under snow, when soils were frozen; the spring samples were collected shortly after snow receded from the site and soils thawed; and the summer samples were collected after minimum daily air temperatures had warmed significantly and the daily minimum temperatures were consistently above freezing (Fig. 1) . Bacterial cultures were also obtained from soils collected on other dates as indicated in the text. On each collection date, three soil cores (10 cm deep, 5 cm in diameter) were collected. To maintain consistency with respect to the effect of the proximity of plants, each sample was collected directly alongside a tussock of K. myosuroides. Soil samples were collected 1 to 10 m apart from each other. Soils were sealed in plastic bags and brought to the laboratory for analysis. Soil was coarsely sieved (4.75 mm) to remove rocks and large roots. Soils were stored at Ϫ70°C for up to 6 months before DNA extraction.
General soil microbiological properties. Total biomass and potentially active microbial biomass were measured by using glutamate substrate-induced growth response (SIGR) and chloroform fumigation-extraction methods, respectively (30) . The SIGR method measures the quantity of biomass capable of growing on a given substrate. The substrate, potassium glutamate, can be used for growth by many heterotrophic microbes, and glutamate SIGR is correlated with a variety of microbial biomass measures (30) . Total bacterial and fungal populations were measured by light microscopic methods (34) . The data shown in Table 1 are from  a variety of winter and summer dates between 1996 and 2001. DNA extraction, purification, and cloning. DNA was extracted from soil in relatively large samples (3 to 5 g) to include within-sample variation. Extractions were performed as gently as possible, so that relatively large DNA fragments survive the extraction process. Soil was subjected to five freeze-thaw cycles (liquid N 2 for 5 min, 65°C for 5 min) and shaken (100 rpm) at 37°C for 2 h in Tris-EDTA-0.2% sodium dodecyl sulfate with proteinase K and lysozyme. DNA was crudely purified by two washes of phenol-chloroform-isoamyl alcohol (25: 24:1) and precipitated with isopropanol. Humic substances were removed on Sepharose 4-D columns (Sigma Chemicals, St. Louis, Mo.) (53) , and DNA was further purified by using QiAmp tissue columns (Qiagen).
Bacterial 16S ribosomal DNA (rDNA) was amplified with universal bacterial FIG. 1. Maximum, minimum, and average daily air temperatures for the Saddle climate monitoring station on Niwot Ridge for the period in 1999 during which the primary samples for this study were collected. (38, 42) , each DNA template was amplified by using eight replicate reactions run for only 24 cycles. PCR product was combined from the eight reactions and gel purified with spin columns (Qiagen). The purified product was cloned by using the TOPO TA cloning kit (Invitrogen). Clones from the nine libraries were selected at random and sequenced on an Prism 3100 capillary electrophoresis DNA sequencer (ABI) using universal bacterial primer r1111 (5Ј-TTGCGCTCGTTGCGGGACT-3Ј). For selected clones of interest, additional regions were sequenced using universal bacterial primers r536 (5Ј-GTATTACCGCGGCTGCTGG-3Ј) and r1510. A total of 217 sequences were produced, ranging from 22 to 26 sequences per spatial replicate and 71 to 73 sequences per season. Of the original 217 sequences, 185 were of sufficient length and quality to include in phylogenetic trees. The remainder were used only for BLAST searches to determine frequency of bacterial divisions within the libraries. Isolation of bacterial cultures. Bacteria were isolated from soils by using dilution culture and agar plates under a variety of growth conditions. Growth at low temperatures was emphasized (Ϫ1 to 10°C). Most of the isolates used in this study were isolated from environmental samples collected during the same time interval described by the clone libraries (see Table 3 ). However, this study also made use of isolates obtained at other times. These isolates were included because of their strong hybridization signals or their ability to grow at low temperatures and/or using complex carbon substrates. Freshly collected soils or ion-exchange resins, incubated in situ, were used as the source material. The purpose of incubating ion-exchange resins in the field was to enrich for isolates capable of proliferating in the alpine environment under ambient conditions, using specific compounds, in the hope of obtaining ecologically relevant isolates rather than opportunists that flourish only in the laboratory. For these in situ enrichment experiments, mixed-bed ion-exchange resins were enclosed in nylon mesh, heat sterilized, and soaked in sterile substrate (glutamate or carboxymethylcellulose [CMC]). These were transported to the field in sterile containers, placed in the soil on 19 March 1999, and retrieved on 4 June 1999. Cells associated with soils or resins were extracted and diluted in sterile buffer (1-g/ liter MgSO 4 ⅐ 7H 2 O, 1 mM K 2 HPO 4 , pH 7.0) and plated onto agar plates or into 96-well plates filled with liquid medium. The basal medium contained, per liter, 1 g of MgSO 4 ⅐ 7H 2 O, 10 mM K 2 HPO 4 (pH 7.0), 1 mM NH 4 NO 3 , 1 ml of soil extract (10:1 water-soil, previously autoclaved and filtered through a 0.2-mpore-size filter), and 15 g of agar (for solid medium). Defined carbon sources were added to a final concentration of 1 g/liter and included potassium glutamate, glucose, CMC, starch, and humic acid (Sigma Chemicals). Also, some undefined media were used, including soil extract medium (10:1 water-soil, autoclaved, 0.2-m-pore-size filtered, 10 mM K 2 HPO 4 , pH 7.0), root extract agar (10:1 water-fresh K. myosuroides roots autoclaved and 0.2-m-pore-size filtered, 1.5% agar, 10 mM K 2 HPO 4 , pH 7.0), and glucose-glutamate-soil (GGS) medium (basal medium with 0.5 g of glucose, 0.5 g of potassium glutamate, and 50 ml of soil extract per liter). High-salt agar medium consisted of the basal glucose medium adjusted to a Ϫ2-MPa water potential with MgSO 4 . Colonies from agar plates or from the limiting dilutions of 96-well plates were streaked to isolation three times on solid medium. Isolates were identified by sequencing of the 16S rDNA genes. DNA was isolated by standard methods, and PCR amplification and sequencing were done as described above for soil clones, except 32 PCR cycles were used.
Measuring seasonal abundance of isolates with dot blots. Isolates with high or dynamic seasonal abundance were identified by reciprocal sample genome probing (RSGP) (52) . One hundred nanograms of isolate DNA (quantified by using PicoGreen; Molecular Probes, Eugene, Oreg.) was blotted onto positively charged nylon membranes (Hybondϩ; Amersham Pharmacia Biotechnica), and randomly primed probes were made from purified soil DNA (digoxigenin [DIG] Hi-Prime; Roche Biochemicals). Select isolates were then used for dot blotting experiments in which soil DNA from each season and spatial replicate was applied to the blots along with dots of 1 to 100 ng of bacterial DNA as standards and 100 ng of herring sperm DNA as a blank. Randomly primed probes were made from isolate DNA. Details of the blotting procedure were reported earlier (34) . Briefly, standard methods were used for blotting and stringent rinses (2). After developing overnight at 22°C, blots were visualized with alkaline phosphatase (AP)-conjugated anti-DIG Fab fragments (Roche Biochemicals) and AttoPhos (JBL, Sunnyvale, Calif.) fluorogenic substrate for AP and were quantified by using a Storm 860 (Molecular Dynamics) with ImageQuant software. Hybridization signals resulting from the isolate probe on each soil DNA dot were standardized by using the isolate DNA standards. The probes also bound to FIG. 2. Results of phylogenetic tree permutation (PTP) analysis, performed with PAUP software using 50,000 random permutations of the original data. The histogram shows the frequencies of tree lengths generated randomly, assuming the null hypothesis that the communities do not differ phylogenetically. The arrow shows the tree length (77 steps) of the original unpermuted data, corresponding to a P value of 0.005.
FIG. 3.
Frequency of major bacterial groups in 16S rRNA clone libraries for soil collected in winter, spring, and summer. Error bars are standard errors for three spatial replicates. acido, Acidobacterium; actino, Actinobacteria; alpha, beta, gamma, and delta, ␣, ␤, ␥, and ␦ subgroups of Proteobacteria, respectively; Verruco, Verrucomicrobium; other, other miscellaneous bacterial divisions.
VOL. 70, 2004 SEASONAL CHANGES IN AN ALPINE SOIL BACTERIAL COMMUNITY 2869
DNA of closely related species, so these data are presented in relative units (percentage of the highest standard), as taking the standard curve literally would produce overestimates of the isolate's abundance. Phylogenetic and statistical analysis. Sequences were edited with BioEdit. Chimeric sequences were screened out by using Chimera_Check (http: //rdp.cme.msu.edu). Representative guide sequences were selected and downloaded from GenBank (www.ncbi.nlm.nih.gov) by using BLAST searches. Only sequences of 500 bp in length or greater were included in phylogenetic analysis. Sequences were aligned initially by using ClustalW and then adjusted manually. Maximum-likelihood analysis was performed on the sequences by using the FastDNAml algorithm of BioEdit, derived from DNAML from the Phylip package, using empirical base frequencies and a transition/transversion ratio of 2.0. Parsimony and neighbor-joining analysis were performed with Phylip, using 100 bootstrap replicates. Neighbor-joining analysis was performed by the Jin-Nei method, using a gamma factor of 0.1 to allow for different substitution rates between sites. A distance matrix generated by Phylip with the same parameters was used to dereplicate the data set. Sequences not differing by more than 1% were considered identical. These data were used for species rarefaction, richness, and diversity analysis by using EstimateS version 5 software from R. K. Colwell (http://viceroy.eeb.uconn.edu/estimates). Analysis of seasonal differences in the microbial community was performed in two general ways. The first, phylogenetic tree permutation (PTP) analysis, does not rely on frequencies of sequences and so is not subject to PCR bias (37) . In PTP analysis, the hypothesis that phylogeny covaries with community type is tested by generating numerous randomly permuted trees and calculating the tree length needed to evolve between community types. The tree length of the original data set is compared to this frequency distribution to produce a probability (P) value. PTP analysis was done by using the PAUP software package. The second approach was to compare seasonal differences in the frequency of major bacterial groups within the clone libraries. This was statistically analyzed in two ways. Analysis of variance (ANOVA) was performed on the percent contribution of each group to the libraries of each soil replicate. Where appropriate, values were log or square root transformed before analysis. In addition, the binomial distribution was used to calculate the probability of the null hypothesis that the number of hits for a group resulted from the same probability distribution for all seasons (45) . The binomial approach is statistically more powerful than ANOVA because it retains information from each bacterial sequence, whereas ANOVA collapses multiple observations into a single count. However, ANOVA addresses spatial versus seasonal variability, and the binomial statistic only tests whether the distribution of sequences is different between seasons. As a further means to test the significance of seasonal changes in clone libraries over and above spatial variability, regression analysis was used, with the sampling date coded as the Julian day. Both linear and second order models were tested. Dot blot experiments were analyzed by linearly regressing the hybridization signal on the date. In all analyses, P values of less than 0.05 are considered significant. Values between 0.05 and 0.10 are referred to as marginally significant.
Nucleotide sequence accession number. The sequences used for phylogenetic analysis have been submitted to GenBank and assigned accession no. AY192197 to AY192355.
RESULTS
Uncultured diversity. The PTP analysis revealed that, overall, communities were significantly different between seasons (Fig. 2) . The actual tree required 77 steps to produce the three communities. This is significantly more parsimonious (P ϭ 0.005) than the randomly permuted trees. The most obvious changes were in the frequency of bacterial divisions within the (Fig. 3) . The ANOVA was significant only for the Acidobacterium division, which was well represented in all seasons but was significantly more common in the spring (by ANOVA: overall, P ϭ 0.045; spring versus summer, P ϭ 0.02; spring versus winter, P ϭ 0.049). As the Acidobacterium division is the most abundant group in the bacterial libraries, the significant seasonal change shown by the ANOVA indicates that seasonal diversity changes were detectable above effects of spatial variation, despite the marginal significance in the ANOVA for the other groups. The seasonal changes in Acidobacterium frequency were also significant in the regression analysis (2nd order, overall, P ϭ 0.045) and by the binomial test (P ϭ 0.008). Actinobacteria were present in all three winter replicates and one spring replicate but were not present in the summer samples. The probability of this occurring randomly given the same frequency for all seasons is 0.011 (generated from the binomial distribution). This contrast was marginally significant in the ANOVA (P ϭ 0.077). Sequences from the Cytophaga/Flexibacter/Bacteroides (CFB) group were more common in winter than in spring or summer (binomial, P ϭ 0.002). The decline of CFB from winter to summer was marginally significant in the regression analysis (P ϭ 0.086). ␥-Proteobacteria and green nonsulfur (GNS) sequences were rare and were only found in the spring and summer libraries. This absence from the winter libraries is statistically significant for GNS bacteria (binomial, P ϭ 0.015) but not for ␥-Proteobacteria (P ϭ 0.123). ␣-Proteobacteria were abundant in all seasons and showed no significant variation between dates. Sequences from the Verrucomicrobium group were relatively abundant throughout the year but were rarest in the spring and most common in the summer (binomial, P ϭ 0.005). This effect was marginally significant in the ANOVA (P ϭ 0.065). ␤-Proteobacteria were marginally more frequent in the summer (binomial, P ϭ 0.085). The absence of ␦-Proteobacteria in the spring libraries was significant (binomial, P ϭ 0.027), but as in the case with GNS bacteria and ␥-Proteobacteria, these sequences were rare, and so their seasonal patterns may not have ecological relevance. Several recently described divisions and candidate divisions are represented within the alpine clone libraries, including four sequences from the BD/Gemmimonas group (only three sequences are shown in Fig. 4) (22) and two sequences from the OP10 group (Fig. 4) (21) . Three sequences found in the spring libraries formed a candidate division with several sequences from GenBank. This group is referred to herein as SPAM (for spring alpine meadow). Parsimony and neighbor-joining analyses of the same sequences shown in Fig. 4 sequence from a summer sample also appeared to represent a novel division along with two sequences from GenBank, although bootstrap support for this group was low in the parsimony and neighbor-joining analyses. This group is referred to as SAM (for summer alpine meadow). Seasonal changes were also apparent at a finer taxonomic scale. The Acidobacterium subdivisions 2, 5, and 7 (4, 35) contained only spring clones (Fig. 5) . The remaining Acidobacterium subdivisions contained clones from each season, except for group 3, which contained spring and winter clones only, and the Geothrix fermenta/Holophaga foetida group (no. 8 in reference 35 or no. 6 in reference 4), which was not represented in the alpine libraries. Similarly, there is a clade within the ␤-Proteobacteria that contained only summer and spring clones (Fig.  6B) . The nearest cultured species to this clade was Burkholderia. All winter ␤-Proteobacteria clones were placed in two clades: an uncultured group and a clade with Herbispirillum, Janthinobacter, and the cultured alpine isolates.
The majority of the clones from the Verrucomicrobium division were tightly clustered around the environmental sequence EA25 (28 [accession no.U51864]) (Fig. 7) . This highly related group of sequences contained members from all seasons. This clustering contrasted with the distribution of sequences in the other most abundant divisions, the Acidobacterium (Fig. 5) and Proteobacteria (Fig. 6 ) groups, in which diversity was spread out more evenly. The species rarefaction analysis illustrates this point ( Table 2 ). The Verrucomicrobium division contained the three most abundant individual sequences in the library. Based on this pattern of sequence abundances, the Chao1 (8) and ACE (abundance-based coverage estimator) (9, 10, 12) indicators of species richness for this alpine soil bacterial community are 1,166 Ϯ 397 and 1,391, respectively.
Cultured diversity and its relationship to uncultured diversity. The culturing experiments were mainly designed to select for heterotrophs that could grow at low temperatures, using soils collected at cold times of the year, or from resins incubated in the soil over the winter. These yielded bacteria from the ␣-, ␤-, and ␥-Proteobacteria, the Actinobacteria, and the CFB group (Table 3) . Within the CFB group, all isolates were related to Sphingobacterium and Bacteroides and could grow at Ϫ1°C on CMC, starch, casein, or glutamate. The most closely related uncultured sequence was from the winter library, W3-2E (Fig. 8) . Numerous actinobacterial strains were isolated at low temperatures on a variety of substrates, including CMC and starch. These were all related to Subtercola, Arthrobacter, Streptomyces, or Mycobacterium, except for DL171, representing a previously uncultured group, apparently within the subclass Rubrobacteriadae (51) (Fig. 9 ). This isolate was related to a winter clone, W3-3H. Isolate DL150 was closely related to the winter clone W1-4F and to Subtercola pratensis (accession no. AJ310412), a newly described species associated with grass and grass litter (5) . All isolates from the ␤-Proteobacteria were related to Janthinobacter, Oxalobacter, and Zooglea. The most closely related uncultured sequences were winter clones, W3-2G and W2b-7F (Fig. 6B) . Within the ␥-Proteobacteria, most isolates were related to Pseudomonas borealis or P. graminis, which were not represented in the uncultured sequences. However, DL137, isolated from in situ resin on glutamate at 3°C, was in the Xanthobacter genus and was related to the uncultured spring sequence, P1-1A (Fig. 6B) . Within the ␣-Proteobacteria, isolates were in the genera Sphingomonas, Caulobacter, Rhizobium, Mesorhizobium, Bradyrhizobium, and Devosia (Fig. 6A) . The Sphingomonas isolates were most closely related to an antarctic isolate (accession no. AF184221). Of the uncultured sequences, only the winter and spring clones, W1-2B and P3-3C, fell within this clade. There were no uncultured sequences closely related to the Caulobacter, Devosia, Rhizobium, or Mesorhizobium isolates. Isolate DL190.3 appeared to be a novel species, most closely related to the recently described species Devosia neptuniae, an N 2 -fixing symbiont of an aquatic legume (44) . Isolate DL170, isolated from spring soil on soil agar at 10°C, was most closely related to spring clone P1-1H, in a group with Nitrobacter winogradskyi and a Bradyrhizobium sp. sequence (accession no. AF239255).
The isolates were selected under conditions that favor psychrotrophic heterotrophs, and many isolates were related to uncultured sequences from the winter and spring libraries. Uncultured sequences from the summer libraries were generally not closely related to isolates from the present study. The closest related cultured isolates to numerous spring and summer clones were chemoautotrophs and phototrophs: specifically, Nitrobacter, Rhodomicrobium, and Rhodoplanes among the ␣-Proteobacteria (Fig. 6A) ; Thiobacillus and Nitrosospira among the ␤-Proteobacteria; Thiomicrospira within the ␥-Proteobacteria (Fig. 6B) ; and the Nitrospira and GNS divisions (Fig. 4) . Within the Actinobacteria, a cluster of spring clones were most closely related to Acidomicrobium ferrooxidans, an iron oxidizer, and to an uncultured clone from a lithotrophic biofilm (Fig. 9) . Seasonal abundance of bacterial isolates. The RSGP analysis revealed several isolates whose genomes were highly abundant in soil community DNA. The majority of these were Actinobacteria, including the Streptomyces isolates and the novel isolate, DL171. Some proteobacterial isolates also produced strong signals. Based on these initial experiments, isolates were selected for more quantitative dot blotting experiments to measure seasonal changes in abundance. The results are shown in Fig. 10 . An alpine Pseudomonas fluorescens isolate that did not give a strong signal on RSGP was also used as an additional control to test the sensitivity of the method. This isolate produced a small, consistent signal in all three seasons that was distinguishable from the herring sperm DNA blank. The Actinobacteria isolates tested were the most abundant in soils and changed the most dramatically after snowmelt. The hybridization signal of the Janthinobacter isolates (DL119 and 127) declined a small but significant amount (about 10 to 20%). The signal of the Mesorhizobium isolate (DL126) and P. graminis (DL155) did not change significantly between seasons. 
The library contained 185 clones included in the analysis. Species richness and diversity statistics were calculated by using EstimateS software. ACE is the abundance-based coverage estimator (9, 10) . Chaol is an abundance-based estimator of species richness (8) shown with the standard deviation in parentheses.
b Candidate division BD/Gemmatimonas. c Candidate division SPAM. 
DISCUSSION
Culture-based and culture-independent studies of environmental diversity tend to reveal distinct subsets of species (20) , though similar trends are sometimes revealed by using cultured and uncultured approaches (14) . Clearly, the culturing experiments were biased toward a few easily cultured bacterial phyla. Nonetheless, the two approaches used in this study supported each other on several points. Many of the isolates cultured at low temperatures from winter and spring soils or from resins incubated in the soil over the winter were related to winter or spring clones. For example, the in situ resins yielded CFB and ␤-Proteobacteria isolates whose closest uncultured relatives were from the winter libraries and a ␥-Proteobacteria isolate closely related to a spring clone. Sphingomonas strains isolated at low temperatures were related to uncultured winter and spring sequences. Actinobacteria isolates DL150 and DL171, isolated from winter and spring soils at low temperatures, are closely related to winter clones. The dot blot experiments also supported the trends seen in the clone libraries. The actinobacterial isolates tested were most abundant in the winter, paralleling the absence of this division from the summer libraries. The Janthinobacter isolates declined after snowmelt, in accordance with the absence of spring and summer clones within this clade. The ␣-Proteobacteria isolate tested showed no significant seasonal change in hybridization signal, consistent with the frequency of the uncultured sequences throughout the year. The seasonal changes in hybridization strength tended to be more subtle than the changes in the frequency of clones within the libraries. This may be due to interference from related genomic DNA in the soil. Additionally, PCR bias may affect the frequency and/or presence of sequences within the clone libraries. However, there are several reasons why PCR bias is not likely to be of great importance in this study. PCR bias can occur as a result of template reannealing (38) or primer bias (18, 42) . The effect of template reannealing will mainly cause a reduction in the frequency of the most abundant sequences relative to the most rare ones. Error from this phenomenon would be conservative, underestimating the most abundant organisms, and can be overcome by reduced cycle numbers (38) , as was done in this study. Primer-specific bias is reproducible (42) and can be overcome by combining many reaction mixtures of fewer cycles. Therefore, the bias from this effect that remains, despite the remedial measures, will be consistent between seasons. Additionally, specific primers such as the kind used in this study have been shown to give more reliable results in 16S rDNA studies of environmental communities than degenerate primers (36) . In case PCR bias is significant in altering the abundance of sequences in the present study, PTP analysis was done to analyze seasonal community differences in a way that is not based on abundance data. While there are certainly organisms that are neither culturable nor easily detected in uncultured clone libraries, it can be stated with confidence that, based on these two approaches, the composition of the microbial communities changes seasonally.
Many of the observed changes in community composition are consistent with previously described ecological patterns. The winter community was shown to rely more heavily on complex organic compounds such as cellulose and salicylate, while utilizing glycine to a lesser extent, and functioned well at low temperatures (34) . The physiology of the winter community, inferred from isolates and from uncultured sequences, fits the measurements made at the whole-soil level. Actinobacteria and members of the CFB group are most abundant in the winter. The CFB group is generally known to degrade complex substrates (13, 40) and its isolates are frequently cold tolerant (25) , as were isolates in this study. The culturing experiments produced numerous isolates capable of growth on complex substrates at low temperatures, several of which grouped with uncultured sequences that were only found in the winter or spring libraries.
In the summer and spring, there were a variety of uncultured sequences similar to cultivated bacteria that grow phototrophically (purple nonsulfur or GNS) or chemoautotrophically (nitrifiers, sulfur, and iron oxidizers). The N cycle is dynamic during the alpine summer, and substantial nitrification rates have been measured (15, 16) . Also, sulfur and iron-oxidizing bacteria have been detected in this environment (D. A. Lipson, unpublished data). Alpine dry meadows are dominated by the tussock-forming sedge, K. myosuroides, and significant bare patches of ground exist between tussocks. The disappearance of the snow pack allows light to reach the soil surface, potentially supporting bacterial phototrophs. A more oligotrophic and/or autotrophic summer community is consistent with the observed demise of the winter community; the community shift after spring snowmelt is brought on by a decrease in substrate availability as soils warm and remnants of useable substrate from the previous autumn's litter are depleted (31) . The bacterial strains isolated in this study were all heterotrophic and were closely related only to winter or spring isolates. Within the frequently cultivated Proteobacteria division, the uncultured groups that contained only summer and spring sequences may contain strictly autotrophic bacteria.
The springtime community was dominated by members of the Acidobacterium division. The cultured isolates from this group are facultatively or obligately anaerobic organotrophs (26, 29) . The moist conditions created at snowmelt may provide anaerobic microsites in the soil. This, with the high concentrations of organic N present at this time (30) , may create the optimum conditions for these microbes.
The summer community had higher frequencies of members of the Verrucomicrobium division. The cultured members of this group are fermenters of plant compounds, such as pectin, xylan, and starch (1, 11, 23) . These microbes may be responding to the growth of roots in the summer. While soils are not water saturated during the summer, anaerobic conditions may exist near rapidly respiring roots. Alternatively, because members of this division are often oligotrophic (24) , these bacteria may be responding to the lowered substrate concentrations that occur in the summer (31) . There were abundant, closely related sequences within this group, also represented in GenBank by clone EA25 (28) . These sequences may represent a widely distributed and successful genus or species of bacteria.
In the present study, several sequences were found in divisions with no cultured representatives. These include sequences from the OP10 group, first found in Obsidian Pool in Yellowstone National Park (21), the BD candidate division There is good support for the SPAM candidate division, which includes sequences from an arid Australian soil (19) and from the Changjiang River (48) , and SAM, together with sequences from an earthworm cast (17) and a polychlorinated biphenylcontaminated soil (39) , may also prove to be a novel line of bacterial descent. The ecological role of these groups found in such diverse environments remains a mystery.
